Genetically engineered polymers of human CuZn superoxide dismutase. Biochemistry and serum half-lives.
CuZn superoxide dismutase is a highly stable dimer of identical subunits with a combined molecular mass of 32,000 daltons. Two human superoxide dismutase genes have been joined in the same translational reading frame, using spacers of different lengths, to encode single chain proteins consisting of two identical human superoxide dismutase subunits. The first construct encodes two directly linked subunits; the terminal glutamine codon of the first gene was changed to a methionine codon and followed immediately by the second gene. The second construct encodes two subunits linked by a 19-amino-acid human immunoglobulin IgA1 hinge sequence. Both constructs produce high levels of catalytically active superoxide dismutase when expressed in Escherichia coli. The protein containing the IgA1 hinge sequence forms polymers up to 750,000 in molecular weight, which are linked together noncovalently by the hydrophobic bonding of the dimer interface. The polymers are soluble, thermostable, and of near normal specific activity. Site-directed in vitro mutagenesis was used to inactivate one of the two human superoxide dismutase subunits. The resulting human superoxide dismutase polymers have approximately 50% activity, thus confirming that the products of both genes are catalytically active. Large amounts of individual polymeric forms have been purified from recombinant yeast and tested for serum stability in rats. The serum half-life is approximately 7 min for both the two-chain wild type human superoxide dismutase dimer (Mr 32,000) and the single chain molecule consisting of a human superoxide dismutase dimer covalently linked by the immunoglobulin hinge region (Mr 34,000), whereas the higher molecular weight polymers (Mr greater than or equal to 68,000) all have half-lives of approximately 145 min.